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Abstract 
Aiming at the increasing small-scale water supply projects, the increasingly serious pollution of the water resource 
and stringent water quality standards, the coagulation and precipitation integrated process on the basis of quiescent 
precipitation was proposed in this study. By experiments in the integrated reactor, the optimum process operating 
conditions were confirmed. It is verified that the optimal dosage of PAC was 16mg/L in the optimum temperature and 
pH range. The repeated utilization volume of the floc mud from the former precipitation period was the same as 6% 
of the water volume in the next processing period, and the corresponding optimal dosage of PAC was 8mg/L with 
50% reduction of the flocculants dosage, while the residual turbidity was less than 1.0NTU, which could reach the 
standard after simple filtration and disinfection procedure. With low energy consumption, little land occupation, low 
cost, high efficiency of the water production and strong anti shock loading capability, this process could guarantee the 
safety of drinking water supply, and deserve popularization and application. 
Keywords: Water treatment Integrated process Coagulation Quiescent precipitation Optimum operating conditions
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1. Introduction 
With the development of urbanization process, the pollution of the water environment becomes 
increasingly serious, which threatens the people's health. On the other hand, with people's living standard 
continuously rising, the requirements of water quality become increasingly strict. Since the new drinking 
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water quality standard GB 5749——2006 has promulgated, relevant departments constantly propose new 
policies to perform the water quality standards stringently on the basis of the increasingly sensitive and 
accurate monitoring methods[1]. But the conventional water treatment processes have several theoretical 
and applicable drawbacks[2-4]. All of these conditions urgently demand water treatment researchers 
carrying on innovation for traditional technology and making full use of water resources in order to 
guarantee water supply security. In this study, the coagulation and precipitation integrated process was 
proposed based on quiescent precipitation. Experiments and theoretical analysis was conducted hoping to 
provide a theoretical basis for the actual processing. 
There were two operation modes of this new process corresponding to different water production scale. 
For small-scale waterworks, the water changed frequently without rigid request of the water supply 
continuity. Single integrated reaction could be operated intermittently with mixing, flocculation, 
precipitation process in the same reactor. As showed in the fig.1, when the water flowed in the reactor, the 
mixing procedure started immediately with multi stirring grades as the flocculants injected into the water. 
The floc mud from former precipitation period had residual activity which could be used to strengthen the 
flocculation process, reduce flocculants dosage. Furthermore, the reactor could create quiescent 
precipitation conditions to improve water quality. With the requirement of the water supply continuity, 
large-scale waterworks could use several integrated reactions parallelly operating. The inflow water could 
be distributed equally into them using pipes, while the outflow collected from them. By adjusting the 
operating parameters, there was at least one reactor outflowing at the same time, which could guarantee 
continuous effluent of the system. 
Fig. 1. The coagulation and precipitation integrated reactor
2. Experimental devices and methods 
2.1. The source of water and the water quality conditions 
The water used in the experiment was made from kaolin[5,6]and humic acid[7,8]to simulate the Songhua 
River water. The water quality was summarized in table 1. 
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Table 1. The quality of simulated water 
Item Value Item Value 
Turbidity(NTU) 80~120 Humic acid concentration(mg/L) 1.9~2.1mg/L 
Total particle count(A/ml) 3620~7787 UV254(nm-1) 0.276~0.435 
2.2. Experimental devices 
Fig. 2. The experimental devices
As shown in fig.2, the experimental water was configured in the raw water tank with a volume of 
500L. Through the water pump  and the electromagnetic flowmeter , the raw water flowed into 
coagulation and precipitation integrated reactor , which could deal with 50L water every period. 
Coagulation experiment was conducted under the action of the stirring motor , and the water in the 
reactor flowed out through the electric valves after the precipitation procedure. The bottom electric valve 
 was used for mud discharge. In the experiment, coagulant dissolved in the solution pool , and was 
configured to 1% solution in the solution pool , which was injected into the reactor by the peristaltic 
pump . All the electric equipments above were realizing automatic control. 
2.3. Experimental materials and main instruments 
Chemical reagents: kaolin, humic acid, polyaluminium chloride (PAC). 
Main instruments: PCX2200 particle counter, HI93703-11 Turbidimeter, HF-729 spectrophotometer. 
2.4. Experimental methods and analysis indicators 
In this study, the optimal process operating conditions was confirmed by experiments conducted in the 
integrated reactor. Through the coagulation stirring experiment, the research on the coagulation effect 
influenced by temperature, pH, and the flocculants dosage of PAC was conducted. On this basis, the 
flocculation stirring parameters was confirmed. Furthermore, the flocculants dosage saving effect caused 
by the reuse of the floc mud from last precipitation period was researched 
The experimental analysis indicators were including the UV254 removal ratio, the residual turbidity and 
total particle count of the supernatant after 20min quiescent precipitation. Among them, the removal rate 
of UV254 characterized the removal effect of humic acid which represents natural organic matters. 
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3. The process optimum operation condition confirmation 
3.1. The influence of temperature and pH on coagulation 
Using PAC as the coagulant, the research was conducted with fixed coagulant dosage and stirring 
conditions by analyzing the UV254 removal ratio and the residual turbidity of the outflow water. The 
results were shown in Fig.3 and Fig.4. 
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Fig. 3. The influence of temperature on coagulation; Fig. 4. The influence of pH on coagulation 
From the Fig.3, it was found that when the temperature was above 20 , the PAC had positive effect 
on coagulation, and the temperature had little influence on coagulation. While it was below 20 , the 
temperature had great influence on coagulation that as the temperature rising, the residual turbidity of 
outflow water was increasing and the UV254 removal ratio was reducing. During the experiments, if the 
the temperature was low, the floc was small and loose, which had a poor precipitation performance. It 
could not be received good coagulation effect even adding the dosage of PAC. The reason for this 
phenomenon is that the temperature has an impact on PAC hydrolysis. When the temperature is low, the 
PAC hydrolysis would be more slowly. What’s more, the water viscosity is bigger and the Brownian 
motion is weakening at low temperature, and as a result, the chance of particles collision is reduced and 
this is not conducive to flocculation. 
From the Fig.4, the proper pH range for PAC was 5~9, and the best pH value was 8. When the pH was 
below 5, the residual turbidity of outflow water was reducing and the UV254 was increasing as the pH 
value rising. When the pH changed around 6~9, it had little influence on coagulation, and the quality of 
outflow water was still good. It could be seen that the residual turbidity was low to1.05 NTU, and the 
removal of UV254 was up to 88.05%. The aggregate of PAC hydrolysis was greatly influenced by the pH. 
In acidic conditions, the form of PAC hydrolysis was the monomer Al3+. While in the neutral conditions, 
the PAC was hydrolyzed as multi-core Al7(OH)17
4+ or Al6(OH)15
3+. And in alkaline conditions, the PAC 
hydrolysis was Al(OH)4  or Al(OH)3 and so on. 
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3.2. The optimal dosage of flocculants confirmation 
In the experiment conditions of temperature 22 , pH 6.5~8.0, using PAC as the coagulant, the 
research was conducted by analyzing the residual turbidity and total particle count of the supernatant after 
quiescent precipitation for 20 min. The influence on coagulation by the dosage of PAC was shown in 
Fig.5. It was verified that the optimal dosage of PAC was 16 mg/L, while the residual turbidity was 1.66 
NTU, and the residual total particle count was 49/ml. More or less dosage of PAC would make the 
turbidity of outflow water increase. 
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Fig. 5. The influence on coagulation by the dosage of PAC 
3.3.  Flocculation stirring parameters optimization 
In the experiment conditions of temperature 22 , pH 6.5~8.0, PAC dosage 16 mg/L, with fixed fast 
mixing conditions of stirring speed 300r/min, lasting time 1 min, the 4 factors 4 levels orthogonal 
experiments was designed by analyzing the residual turbidity and total particle count of the supernatant 
after quiescent precipitation for 20 min. The factors of the experiments were including the middle stirring 
rate n1 with lasting time t1 and the slow stirring rate n2 with lasting time t2. The orthogonal experiments 
were arranged as Table.2 shown. The results were shown in Table.3. 
Table 2. The factors and levels of the orthogonal experiments 
Factor 
n1
r/min
t1
(min)
n2
r/min
t2
(min)
level 1 120 1 70 8 
level 2 140 2 80 12 
level 3 160 3 90 16 
level 4 180 4 100 20 
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Table 3. The results of the orthogonal experiments 
Num 
n1
r/min  
t1
(min) 
n2
r/min
t2
(min) 
Turbidity
NTU  
Total Particle Count 
A/mL  
1 140 2 70 8 11.65 336 
2 140 3 80 12 4.04 111 
3 140 4 90 16 1.64 42 
4 140 5 100 20 1.46 74 
5 160 2 80 16 2.88 65 
6 160 3 70 20 2.56 47 
7 160 4 100 8 3.34 114 
8 160 5 90 12 2.78 76 
9 180 2 90 20 3.4 60 
10 180 3 100 16 1.09 64 
11 180 4 70 12 5.01 94 
12 180 5 80 8 3.76 99 
13 200 2 100 12 5.43 96 
14 200 3 90 8 3.05 150 
15 200 4 80 20 2.37 56 
16 200 5 70 16 1.69 46 
The analysis of the results was shown in Table.4 and Table.5.Comparing the range (RZ, RK)
corresponding to each factor, the journal of the factors influenced the residual turbidity and total particle 
count of the outflow water are: t2> t1> n1> n2. By analyzing the average levels of each factor (Zaverage,
Kaverage) of the two analysis indicators, we got the optimum stirring parameters: n0 300r/min, t0 1min; 
n1=140r/min, t1=4min; n2 90r/min, t2 16min. 
Table 4. The analysis of the turbidity results 
Item 
n1
r/min
t1
(min) 
n2
r/min
t2
(min) 
Z1 18.79 23.36 20.91 21.8 
Z2 11.56 10.74 13.05 17.26 
Z3 13.26 12.36 10.87 7.3 
Z4 12.54 9.69 11.32 9.79 
Z1average 4.6975 5.84 5.2275 5.45 
Z2average 2.89 2.685 3.2625 4.315 
Z3average 3.315 3.09 2.7175 1.825 
Z4average 3.135 2.423 2.83 2.448 
Range RZ 1.8075 3.4175 2.51 3.625 
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Table 5. The analysis of the total particle count results 
Item 
n1
r/min
t1
(min) 
n2
r/min
t2
(min) 
K1 563 557 523 699 
K2 302 372 331 377 
K3 317 306 328 217 
K4 348 295 348 237 
K1average 140.75 139.25 130.75 174.8 
K2average 75.5 93 82.75 94.25 
K3average 79.25 76.5 82 54.25 
K4average 87 73.75 87 59.25 
Range RK 65.25 65.5 48.75 120.5 
3.4. The influence on coagulation by the repeated utilization of the floc mud 
Based on the optimal experimental conditions and the optimum stirring parameters confirmed 
previously, the influence on the coagulation effect by the repeated utilization of the floc mud was 
investigated by analyzing the residual turbidity and total particle count of the supernatant after quiescent 
precipitation for 20 min. As shown in Fig. 6, the repeated utilization volume of the floc mud from the 
former precipitation period was the same as 6% of the water volume of next processing period, and the 
corresponding residual turbidity was 0.51NTU. On this basis, the influence on saving flocculants dosage 
by the reuse of floc mud was investigated. The results were shown in Fig. 7. 
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Fig. 6. Influence on the coagulation effect by the floc mud; Fig. 7. Influence on saving flocculants dosage by the floc mud 
From fig. 7, it could be seen that when the dosage of PAC reduced from 16mg/L to 8mg/L, the residual 
turbidity and total particle count of the supernatant did not change significantly, and the coagulation 
effect was relatively good. But when the dosage of PAC reduced from 8mg/L to 0mg/L, the residual 
turbidity and total particle count increased significantly, In this case the dosage of PAC had important 
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influence on the coagulation effect. So the optimal dosage of PAC was 8mg/L. It was verified that 50% of 
the flocculants dosage was saved by the repeated utilization of the floc mud, and the corresponding 
residual turbidity of the supernatant was low to 0.38NTU. 
4. Conclusions 
(1)This study proposed the coagulation and precipitation integrated process based on quiescent 
precipitation. For small-scale waterworks, it could be operated intermittently, and large-scale waterworks 
could use several integrated reactors parallelly operating to guarantee continuous outflowing. This 
process gave full play to flexibility of sequencing batch operation method, and it was convenient for 
operation and management, easy to adjust the operating parameters. Furthmore, this integrated process 
could make sure of low energy consumption, less land occupation, low cost, high efficiency of the water 
production, and could guarantee the safety of the drinking water supply. 
(2)The optimum operating conditions of the coagulation and precipitation integrated process was 
confirmed. The optimal experimental conditions were as follows: the temperature was about 22 , the pH 
was 6.5~8.0, the dosage of PAC was 16mg/L. the optimum stirring parameters were as follows: n0
300r/min, t0 1min; n1=140r/min, t1=4min; n2 90r/min, t2 16min. 
(3)The floc mud from former precipitation period had residual activity which could be reused to 
strengthen the flocculation process, reduce flocculants dosage. By repeated utilization of the floc mud, big 
and close-grained flocs could be quickly formatted, and the solid-liquid separation effect was good. The 
repeated utilization volume of the floc mud from the former precipitation period was the same as 6% of 
the water volume in the next processing period, and the corresponding optimal dosage of PAC was 8mg/L 
with 50% reduction of the flocculants dosage, while the residual turbidity was less than 1.0NTU, which 
could reach the standard after simple filtration and disinfection procedure. 
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